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It is estimated that 1 per 1000 children in the United Kingdom are born with a hearing loss which is greater than 40dB (Fortnum, Summerfield, Marshall, Davis, & Bamford, 2001).  In addition, young infants may acquire sensorineural hearing loss through, for example, bacterial infection, and some hearing loss may result from mild congenital progressive hearing loss that was not detectable in early infancy (Smith, Bale, & White, 2005).  
The impact of hearing loss on the development of language and communication skills remains an important primary focus for research.  It is well established that the majority of children with partial hearing experience considerable language delays, and also have difficulties in learning to read in comparison to their hearing peers (e.g. see review, Marschark, Rhoten, & Fabich, 2007).  The key role of language ability in predicting reading achievement in populations of hearing children has been well documented (e.g. Scarborough, 2005), and a similar pattern is evident from research involving children with partial hearing (Mayberry, del Giudice, & Lieberman, 2011). 
A number of empirical studies also suggest that children with partial hearing may be at risk of significant deficits across a broad range of balance and motor skills (e.g. Gheysen, Loots, & Van Waelvelde, 2008; Siegel, Marchetti, & Tecklin, 1991).  In a recent study, which included a standardised motor assessment battery, Livingstone and McPhillips (2011) found that more than 50% of children with partial hearing were at risk of clinical levels of motor difficulty, with particular problems in balance control and fine motor skills.
It has been suggested, given the close anatomical proximity of the cochlea to the vestibular sensory organs, that the balance and motor difficulties experienced by children with partial hearing are caused by some level of inner ear damage with subsequent effects on vestibular functioning; ‘vestibular deficit theory’ (Selz, Girardi, Konrad, & Hughes, 1996; Shinjo, Jin, & Kaga 2007; Wiegersma & Van der Velde, 1983).  Vestibular deficit theory implies that the balance and motor difficulties experienced by children with partial hearing arise directly from disturbances to a core sensori-motor system.
However, some recent studies suggest that specific aspects of motor and language function may be related in children with profound hearing loss.  In a study of children with cochlear implants, Horn, Pisoni and Miyamoto (2006) found that fine motor but not gross motor scores, as measured by the Vineland Adaptive Behaviour Scales (Sparrow, Balla, & Cicchetti, 1984), were a pre-implant predictor of expressive and receptive language outcome for the deaf children post-implantation.  
Furthermore, it has been shown that there are reduced neural projections from the auditory cortex in deaf adults (Emmorey, Allen, Bruss, Schenker, & Damasio, 2003), and Conway, Karpicke, Anaya, Henning, Kronenberger, and Pisoni (2011) suggest that this may disturb the maturation of neural circuits in the prefrontal cortex (PFC).  The PFC has been implicated in the temporal organisation of motor and cognitive behaviours (Fuster, 2001).  Conway et al. found that performance on a ‘sequential fingertip tapping’ task was significantly correlated with spoken language abilities in deaf children with cochlear implants.
Primary reflexes are subcortical mediated involuntary movements that emerge before birth (Saraga, Resic, Krnic, Jelavic, Krnic, Sinovcic, & Tomasovic, 2007), and play an important role in generating movement during fetal life.  Many of these reflexes are familiar (e.g. grasp and startle reflexes), and primary reflex tests are used in routine paediatric assessments to evaluate the neurological integrity of the neonate (e.g. Zafeiriou, 2004).
In typical development primary reflexes are inhibited or integrated during the first year of postnatal life, and abnormalities of the primary reflex system, either in the degree or rate of disappearance (persistence), may lead to significant problems in the development of motor functioning (Holt, 1991).  Severe persistence of primary reflexes may indicate predominantly intractable organic problems, such as cerebral palsy, while milder persistence has been associated with less severe motor and cognitive difficulties (Capute, Shapiro, Palmer, Accardo & Wachtel, 1981; Morrison, 1985).
The asymmetrical tonic neck reflex (ATNR) is activated by specific vestibular stimulation and may be observed in young infants when the infant’s head is turned to one side. The infant will tend to extend the arm and leg on the side to which the head is turned, and to flex the leg and arm on the opposing side of the body.  Persistence of the ATNR into later childhood has been associated with deficits in the development of both fine and gross motor skills (e.g. Illingworth, 1987), with males at increased risk of persistence (e.g. Jordan-Black, 2005).  It has also been shown that persistence of the ATNR is a significant predictor of reading, spelling and nonword reading attainments in hearing children (e.g. McPhillips & Jordan-Black, 2007).  While the young infant is usually tested in the supine position for presence of the ATNR, an upright protocol is more commonly used with older children; the child is required to hold their arms in an extended position to the front of the body while the head is turned from side to side (e.g. Morrison, 1985). 
The primary aim of the present study was to examine the possible persistence of the asymmetrical tonic neck reflex (ATNR) in children with partial hearing.  Significant levels of ATNR persistence would suggest that the child with partial hearing may be at increased risk of disturbance from a subcortical reflex system which has been associated with difficulties in motor and cognitive functioning.  Core literacy skills were also assessed, and the effect of cochlear implantation and gender on possible ATNR persistence and literacy levels were explored.  It was important to include a measure of attention deficit as, in a meta-analysis, Rochelle and Talcott (2006) concluded that difficulties on balance tasks, in children with dyslexia, were mediated by attention deficits.  The children in the present study spanned a relatively wide age range from 6 to 12 years old, and so it was also possible to explore the developmental trajectory of potential ATNR persistence.
The present study had four main hypotheses:
1.	That children with partial hearing will demonstrate greater persistence of the ATNR reflex than hearing children, with children with cochlear implants at particular risk;
2.	That ATNR persistence will be independent of age and attention levels in children with partial hearing;
3.	That children with partial hearing will demonstrate greater deficits in core literacy skills than hearing children, with children with cochlear implants at particular risk;





The three mainstream primary schools in the Greater Belfast area with special units for children with partial hearing were selected.  In the United Kingdom, a bilateral hearing loss >40dB is commonly used to define a minimum level of permanent childhood hearing impairment (e.g. Fortnum, Summerfield, Marshall, Davis & Bamford, 2001).  The experimental group consisted of all 25 children attending the partial hearing units. (14 males, 11 females).  All of the children had a bilateral hearing loss greater than 60dB; 10 wore cochlear implants and 15 wore post-aural aids.  Fifteen children had a congenital hearing loss, 3 had an acquired hearing loss, and 7 children had a hearing loss of unknown origin.  They were aged between 6 and 12 years with approximately one third of the group in each age band 6-8 years, 9-10 years and 11-12 years.  
Two hearing comparison groups were selected from the same three primary schools.  The first comparison group consisted of 25 children matched to the experimental group for age (10 males, 15 females), and the second group consisted of 25 children matched to the experimental group for nonverbal IQ (13 males, 12 females).  The age-matched comparison group was selected from the mainstream classes by the class teachers from each of the 3 age bands in each school, according to the number of children with partial hearing selected from each age band in each school.  The nonverbal IQ-matched group was then selected by the first author from a sample of 30 children that were also selected by the teachers from the same mainstream classes in each school.  Five children were excluded from this group because their nonverbal-IQ scores were too high.  None of the children in the comparison groups had been identified as having special educational needs.  
Free school meal entitlement was used as an index of social disadvantage; the partial hearing, age-matched and nonverbal IQ-matched comparison groups had free school meal entitlements of 44%, 39% and 44% respectively.  The average free school meal entitlement of children attending primary schools in N. Ireland at the time of the study was 20% (Department of Education, N. Ireland, 2010-11).




The Wechsler Nonverbal Scale of Ability (WNV) (Wechsler & Naglieri, 2006) was used to measure nonverbal IQ.  This test was particularly appropriate for a sample with partial hearing as it makes use of pictorial directions throughout, eliminating verbal content.
Two subtests (Basic Reading and Spelling) from the Wechsler Objective Reading Dimensions (WORD) (Rust, Golombok, & Trickey, 1993) were used to measure core literacy skills.
Both the WNV and WORD tests are standardised tests with a mean of 100 and a standard deviation of 15.
The Brown Attention-Deficit Disorder (ADD) Scale (Brown, 2001) was used to determine the attention ability of the participants; the Teacher Report Ready Score form, for those aged 3 to 12, was used.  The ADD Scale is a standardised test with a mean of 50 and a standard deviation of 10.

Primary reflex test
A modified version of the Schilder Test (Morrison, 1985) was used to test for the persistence of the asymmetrical tonic neck reflex (ATNR).  An array of LED lights was used to provide a reference stimulus for head movement during the test.  This apparatus consisted of a semi-circular plywood arc (180°) with 9 LED lights embedded at regular intervals around the arc, with 1 green light in the centre, and 4 red lights on either side.  The arc was supported on 4 height adjustable stands.  A Polhemus Fastrak system, which uses electro-magnetic fields to determine the position and orientation of remote sensors, was used to record the movement of the arms and head during the modified Schilder Test.  The participant put on a pair of gloves with one sensor attached to the back of each hand, and a head sensor was placed above the nose bridge of a set of goggles that the participant was also requested to wear.  In addition, the goggles had a strip of hard black plastic attached above and below the goggle lens.  The position of the strips meant that when participants wore the goggles, their peripheral vision was occluded, and all they could see was what was directly in front of them, specifically, the circular arc of LED lights. 

Procedure
A small private room was provided by each school in which to conduct the study. 
The selected schools use a natural educational approach with the children with partial hearing, and during the assessments all instructions were explained via total communication.  This included the appropriate use of speech, sign language, body language, facial expression and demonstration by the first author in accordance with the assessment protocol for each measure.
In the first test session, when the children had given their verbal consent, the nonverbal IQ (WNV), reading and spelling tests were administered.  The Brown ADD scale was completed later by the class teacher for each participant. 
A second test session was arranged in order to complete the modified Schilder Test protocol.  When the participant had given their verbal consent, he/she was requested to stand in the centre of the semi-circular arc of lights (LEDs), which were set at shoulder height for each participant, while wearing the gloves and goggles.  Participants were required to stand upright with feet together and arms held straight out in front at shoulder level. They were instructed to fix their gaze on and align their outstretched arms (without arms touching) with the centrally located green LED which was lit directly in front of them. The researcher then initiated the light display which followed a pre-programmed sequence where adjacent red LEDs (depending on the direction of the head turn) were switched on while the previous LED was simultaneously switched off.  Participants were instructed to turn their head in order to align their gaze with each new LED as it was lit, inducing one turn of the head from the centre to the left or right side of the arc, one turn of the head from one side of the arc across to the other side, and one turn of the head back to the centre. This induced a sideways rotation of the head at an angular velocity of approximately 0.35 radians per second. They were instructed to keep their arms stationary and to maintain the forward alignment of their arms towards the centrally located green LED throughout. 
Following a practice trial in which the tester stood behind the participant and slowly turned the participant's head to demonstrate how to turn only the head (and not the arms) to track the movement of the red LED lights, the tester then stepped away from the semi-circle and administered the protocol, allowing the participant to voluntarily move their head in order to track the LED light sequence (formal trial).  The initial direction of the head turn during practice and formal trials was alternated across participants in order to counter-balance for possible order effects.
The actual trials (1 practice and 1 formal trial) were relatively long and took 25 seconds each.  Multiple trials were not used in order to avoid the effect of muscle fatigue and to minimise attentional demands.  The Schilder test has been shown to have good reliability over time in previous studies (e.g. McPhillips, Hepper & Mulhern, 2000).
Movement of the sensors was recorded by the Fastrak system in 6 dimensions, including movement along the X, Y and Z planes in inches, and movement in the azimuth, elevation and roll attitudes in degrees. For analyses of arm movements, movement in the X, Y and Z planes were considered only.  Each sensor had a sampling rate of 15Hz.

Ratio of Arm:Head movement
The total extent of movement by the arm sensors across each formal trial was calculated using MATLAB version 7.6.0 using the Pythagorean Theorem [(total x)2 +(total y)2 +(total z)2], where ‘total x’, ‘total y’ and ‘total z’ referred to the sum of the differences between each position of the arm sensors in Cartesian coordinates as recorded by the Fastrak system.  A similar calculation was made for the head sensor using the same procedure.
The total extent of movement by each arm sensor during this task was then converted to a ratio of total arm movement to total head movement, thus scaling the amplitude of the arm movement with respect to each individual’s head rotation in order to control for small variations in how far participants rotated their heads. These calculations provided a measure of overall arm movement relative to overall head movement.

Statistical analysis
We used the SPSS 16.0 statistical package (SPSS Inc., Chicago, IL, USA) to analyse the data.  There were no missing data in this study.  We used multiple analysis of variance (MANOVA) and one- and two-way between-groups analysis of variance (ANOVA) tests to compare group means.  An a priori calculation of statistical power, assuming an effect size of 0.4, suggested that 3 groups of 25 participants each would provide 85% power to detect a significant difference (Faul, Erdfelder, Lang & Buchner, 2007).
We used linear regression analyses to evaluate the relative strength of ATNR persistence as a predictor of core literacy skills.  




The means, standard deviations and 95% confidence intervals for age, and scores for nonverbal IQ, attention, reading and spelling, according to group and gender, are shown in Table 1.
Insert Table 1.
Two-way ANOVAs showed that there were no significant main effects of group on age, F(2,69) = 0.96, p = .39, ηp2 = .03, nonverbal IQ, F(2,69) = 0.57, p = .57, ηp2 = .02, and attention scores, F(2,69) = 0.62, p = .54, ηp2 = .02.  There were no significant main effects of gender on age (p = .54), nonverbal IQ (p = .25) and attention scores (p = .80), and there were no significant interactions between group and gender on age (p = .31), nonverbal IQ (p = .69) and attention scores (p = .70).  These results suggest that the 3 groups were well matched on age, nonverbal IQ and attention scores. 

ATNR persistence
The means, standard deviations and 95% confidence intervals for the arm:head movement ratios on the modified Schilder test, according to group and gender, are also shown in Table 1.  The means suggest that the children with partial hearing displayed higher arm:head movement ratios than the children in the comparison groups.
A MANOVA revealed that there was a significant main effect of group on the combined dependent variables (left and right arm:head movement ratios), Wilks’ lambda (Λ) = 0.78, F (4, 136) = 3.18, p < .01, ηp2 = .12.  There was not a significant main effect of gender on the combined dependent variables (p = .23), and there was not a significant interaction between group and gender on the combined dependent variables (p = .38).
When the results for the dependent variables were considered separately, the mean extent of left arm:head movement, F (2, 69) = 5.09, p < .01, ηp2 = .13, and mean extent of right arm:head movement, F (2, 69) = 7.47, p < .01, ηp2 = .18, were both significant. 
Post-hoc comparisons showed that for the left arm, the mean arm:head movement ratio for the group with partial hearing was significantly higher than that of both the age-matched control group (p = .02; d = 0.73) and nonverbal IQ-matched control group (p = .01; d = 0.79).  Similarly, for the right arm, the mean arm:head movement ratio for the group with partial hearing was significantly higher than that of both the age-matched control group (p < .01; d = 0.83) and the nonverbal IQ-matched control group (p < .01; d = 0.95).  There were no significant differences between the age-matched and the nonverbal IQ-matched control groups in mean left arm:head movement ratios (p = .99), or mean right arm:head movement ratios (p = .97). These differences are further illustrated in the boxplot in Figure 1.  
Insert Figure 1.
The means, standard deviations and 95% confidence intervals for the mean total extent of arm movement ratios for each arm, according to partial hearing sub-group (children with cochlear implants versus children with post-aural aids), are also shown in Table 1.  
MANOVA showed that there was not a significant main effect of group on the combined dependent variables (left and right arm movement ratios), Wilks’ lambda (Λ) = 0.93, F (2, 20) = 7.94, p = 0.47, ηp2 = .07.
This analysis suggests that the arm:head movement ratios were similar for the cochlear implant and post-aural aid subgroups.
A one-way ANOVA showed that, within the partial hearing group, there was not a significant difference between the 3 age groups (6-8 years, 9-10 years and 11-12 years) in mean left arm:head movement ratios, F (2, 22) = 1.95, p = .17, ηp2 = .15, and mean right arm:head movement ratios, F (2, 22) = 2.10, p = .15, ηp2 = .16.  
In addition, correlational analyses showed that there was not a significant association between attention deficit scores and left arm:head movement ratios, r = -.19, p = .36, and right arm:head movement ratios, r = -.07, p = .73.  
These analyses suggest that, within the partial hearing group, the arm:head movement ratios were similar across the 3 age groups, and that they were independent of attention levels.  

Reading and spelling
The means, standard deviations and 95% confidence intervals for the reading and spelling standardised scores, according to group and gender, are shown in Table 1.  The means suggest that the children with partial hearing had marked deficits in both reading and spelling relative to the children in the comparison groups, and that males with partial hearing were particularly at risk of reading difficulties.  
A two-way ANOVA showed that there was a significant main effect of group on standardised reading scores, F (2,69) = 9.37, p < .001, ηp2 = .21.  There was not a significant main effect of gender, p = .65, but there was a significant interaction between group and gender, F (2,69) = 3.04, p = .05, ηp2 = .08.
Post hoc comparisons revealed that there were significant differences in standardised reading scores between the partial hearing group and the age-matched comparison group (p < .001; d = 1.18) and between the partial hearing group and the nonverbal IQ-matched comparison group (p < .01; d = 0.86).  There was not a significant difference between the age-matched comparison group and the nonverbal IQ-matched comparison group (p = .81).  Follow-up t-tests revealed that there was a significant difference in standardised reading scores between the male and female children with partial hearing, t(23) = -2.20, p = .04, d = 0.88, but that there were no significant differences in reading scores between the male and female children in the age-matched (p=.28), or nonverbal IQ-matched comparison groups (p = 71).
A two-way ANOVA showed that there was a significant main effect of group on standardised spelling scores, F (2,69) = 12.11, p < .001, ηp2 = .26.  There was not a significant main effect of gender (p = .20), and there was not a significant interaction between group and gender (p = .24).
Post hoc comparisons revealed that there were significant differences in standardised spelling scores between the partial hearing group and the age-matched comparison group (p < .001; d = 1.37) and between the partial hearing and the nonverbal IQ-matched comparison group (p < .001; d = 1.24).  There was not a significant difference between the age-matched comparison group and the nonverbal IQ- matched comparison group (p = 1.00).
The reading and spelling standardised scores according to group are further illustrated in Figure 2.
Insert Figure 2.
The means, standard deviations and 95% confidence intervals for the reading and spelling standardised scores, according to partial hearing sub-group (children with cochlear implants versus children with post-aural aids), are also shown in Table 1. 
One-way ANOVAs showed that there was not a significant main effect of sub-group on standardised reading scores, F (1,23) = 1.53 p = .23, ηp2 = .06, and that there was not a significant main effect of sub-group on standardised spelling scores, F (1,23) = 2.46, p = .13, ηp2 = .10.

ATNR persistence, reading and spelling skills
Linear regression analyses showed that the left arm:head movement ratio was significantly predictive of reading, R = 0.23, R2 = 0.05, R2adj = 0.04, F(1,73) = 3.88, p =.05, and that the right arm:head movement ratio was also significantly predictive of reading, R = 0.25, R2 = 0.06, R2adj = 0.05, F(1, 73) = 5.02, p =.03.  This suggests that 4% and 5% of the variance in reading can be predicted on the basis of ATNR persistence in these respective models.
Linear regression analyses showed that the left arm:head movement ratio was significantly predictive of spelling, R = 0.25, R2 = 0.06, R2adj = 0.05, F(1, 73) = 4.83, p =.03, and that the right arm:head movement ratio was also significantly predictive of spelling, R = 0.29, R2 = 0.09, R2adj = 0.07, F(1,73) = 6.80, p =.01.  These equations suggest that 5% and 7% of the variance in spelling can be predicted on the basis of ATNR persistence in these respective models.
A summary of the regression coefficients for the left arm:head and right arm:head movement ratios are shown in Table 2.
Insert Table 2.
The regression analyses suggest that ATNR persistence (indexed by the arm:head movement ratios) is a relatively small but significant predictor of reading and spelling in the present study.

Discussion
The results support the hypotheses that children with partial hearing are at increased risk of persistence of the asymmetrical tonic neck reflex (ATNR), and that they experience significant deficits in core literacy skills relative to their hearing peers; these differences cannot be attributed to age, nonverbal IQ or attention deficit effects.  There were no significant gender effects, but there was a significant interaction between group and gender on reading scores.  Male children with partial hearing had significantly lower levels of reading relative to the female children with partial hearing, while the male and female hearing children within the comparison groups had similar levels of reading.  However, the hypotheses that children with cochlear implants would demonstrate higher levels of ATNR persistence and greater deficits in reading and spelling ability than children with post-aural aids were not supported. 
Primary reflex persistence has not been examined in children with partial hearing previously, and the results of the present study suggest that this may be a useful paradigm for further work.  The test protocol did place some mechanical and postural demands on the child, and so it is difficult to isolate the specific extent of ATNR persistence in the context of wider vestibular disturbances, e.g. inner ear damage.  However, in a previous study of the same children, Livingstone & McPhillips (2011) found that the children with partial hearing had equivalent static balance skills to hearing children when standing on both legs, including an eyes closed condition.  
The effect sizes suggest that the children with partial hearing had high levels of ATNR persistence relative to the comparison groups.  However, it should be noted that there were considerable variations in arm movement within the group of children with partial hearing, which suggests that not all children with partial hearing experience significant levels of ATNR persistence.  
Although the results do not provide direct support for conventional vestibular deficit theory (Selz, Girardi, Konrad, & Hughes, 1996; Shinjo, Jin, & Kaga 2007; Wiegersma & Van der Velde, 1983), it is possible that damage to the vestibular organs of the inner ear increases the risk of ATNR persistence.  Furthermore, the results do not rule out the potential indirect effects of hearing loss on the neural organisation of the prefrontal cortex as suggested by Conway et al. (2011).  In fact, the diverse motor and cognitive outcomes for children with partial hearing suggest that a range of neurodevelopmental factors may be involved. 
The reading and spelling scores of the children with partial hearing in the present study were very low, with more than 50% of the children scoring in the bottom 10 percentiles.  The effect sizes illustrate the powerful negative impact of hearing loss on literacy development in children with partial hearing which is in line with previous work (e.g., Mayberry et al., 2011).  Male children were particularly affected in the present study but other studies have not always found gender effects (e.g., Kluwin, 1994).  
There was a general non-significant trend for the children with cochlear implants to attain at lower levels in reading and spelling than the children with post-aural aids.  However, it should be noted that, seven out of the 10 children in the cochlear implant subgroup had profound hearing loss compared with one out of the 15 children in the post-aural aid subgroup, and all of the children with cochlear implants had received their implants relatively late (after 4 years of age).
The results support the hypothesis that ATNR persistence is associated with core literacy skills as the regression models indicate that ATNR persistence was a significant though relatively small predictor of literacy attainments in the present study.  It may be important to note that the development of reading and spelling skills involves the complex interaction of many proximal and distal factors at biological, cognitive and environmental levels, and it is not unusual for a range of factors to have significant but relatively small effects on the emergence of literacy skills in hearing children (e.g., McPhillips & Jordan-Black, 2007).  This pattern is also evident in the development of reading in deaf individuals (e.g., Mayberry et al., 2011).
In the neonate, the ATNR involves the activation of asymmetric flexor and extensor tonus in the limbs in response to head movements (e.g., Holt, 1991).  In older children, ATNR persistence has been associated with a range of cognitive and motor difficulties (e.g., McPhillips, Hepper, & Mulhern, 2000).  However, the effects of ATNR persistence might be better described within a more general developmental framework such as ‘atypical brain development’ (ABD) (Gilger & Kaplan, 2001; Kaplan, Dewey, Crawford, & Wilson, 2001).  From this perspective, ATNR persistence may be viewed as an indicator of delayed subcortical maturation which may affect the smooth functioning of a range of neurological systems involved in cognitive and motor processes that require subcortical support.  
The results support the hypothesis that ATNR persistence in children with partial hearing is independent of age as there was no obvious developmental trend in the levels of ATNR persistence across the age groups included in the study.  This suggests that levels of ATNR persistence may be fairly stable over time, at least in childen up to 12 years old.  This implies that ATNR persistence may disrupt the development of children with partial hearing over a sustained period of early development; to what extent the ATNR persists into adolescence or adulthood should be examined in future work.
The results also support the hypothesis that ATNR persistence is independent of attention level, and this suggests that the potential effect of ATNR persistence on motor and cognitive development in children with partial hearing is relatively independent of attentional mechanisms.  This is in contrast to work with children with dyslexia which suggests that balance difficulties may be mediated by attention deficits (Rochelle & Talcott, 2006).
It was a statutory requirement that all of the children in the participating schools should be exposed to the same core school curriculum as far as possible.  However, a relatively high proportion of the children in this study came from disadvantaged backgrounds, and it is not known if this has a differential negative impact on the literacy development of children with partial hearing.  In addition, all of the children with partial hearing were attending specialist units, and it is not clear if the placement process for children with partial hearing is influenced by an increased risk of comorbid or co-occurring issues such as motor difficulties.  It was also beyond the scope of this study to assess other language related factors which may affect literacy development, such as levels of print exposure (e.g., Marschark, Sarchet, Convertino, Borgna, Morrison, & Remelt, 2012), or vocabulary knowledge (Dillon, de Jong, & Pisoni, 2012).  
Limitations
The cross-sectional nature of this study is a major limitation, and the cochlear implantation subgroup is relatively small.  Longitudinal studies of the role of persistent reflexes in the early motor and cognitive experience of the child with partial hearing, as well as the longer term impact of cochlear implantation on vestibular functioning are needed.  Such studies would provide a richer developmental perspective on the interaction of various factors which impact on motor and cognitive development in children with partial hearing, as well as indicating possible causal pathways.  The present study examined only one potential persistent primary reflex and it would be interesting to examine the persistence of other early reflexes which do not directly involve the vestibular system.  
Future Directions
While damage to the vestibular sensory organs in the inner ear may be irreparable, there is some evidence that it may be possible to reduce ATNR persistence using specific motor interventions (e.g., McPhillips, Hepper & Mulhern, 2000).  Future work should examine the specific effects of reducing ATNR persistence on the development of fine and gross motor skills in children with partial hearing.  In particular, the link between reducing ATNR persistence and potential improvements in fine motor sequencing skills should be pursued. 
The present study suggests a link between ATNR persistence and core literacy difficulties in children with partial hearing; the inclusion of a group of reading-matched control children in future work could help to clarify the strength of the potential relationship between ATNR persistence and reading ability in this population. In addition, intervention studies may be able to evaluate the relative impact of reducing ATNR persistence on the emergence of core literacy skills.
Summary
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